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Introduction

In the Lower Engadine Window rocks of the Penninic Unit are exposed which
originally were formed in the Piemont-Ligurian Ocean, the Iberian-Brianconnais
microcontinent and the Valais Ocean. The Penninic rocks of the Lower Engadi-
ne Window are overlain by Austrolpine nappes: the Silvretta Metamorphic Com-
plex (Silvretta-Seckau Nappe System sensu SCHMID et al. 2004) in the north,
the Stubai-Otztal Metamorphic Complex (Otztal-Bundschuh Nappe System sensu
SCHMID et al. 2004) in the southeast and east, and the Engadine Dolomites.

The Penninic rocks of the Lower Engadine Window are characterized by a com-
plex tectonic structure and can be divided into three nappe systems (SCHMID et
al., 2004; GRUBER et al., 2010; see also TOLLMANN, 1977; OBERHAUSER,
1980):
a.) Lower Penninic Nappes including rocks of the former Valais Ocean (Cre-
taceous — Paleogene)

b.) Middle Penninic Nappes composed of rocks of the Iberia-Brianconnais
microcontinent, and

c.) Upper Penninic Nappe, composed of rocks oft he former Piemont-Ligu-
rian Ocean.

Lower Penninic Nappes include the Zone of Pfunds and Zone of Roz — Cham-
patsch — Pezid. The dominant rocks are different types of calcareous mica schists
and ,,Biindnerschiefer”. Locally fragments of the oceanic crust and upper mantle
(ophiolites) are intecalated.

The Middle Penninic Nappes include the Fimber-Zone and Zone of Prutz -
Ramosch. The Zone of Prutz—Ramosch is compsed of Triassic carbonate rocks,
Quartzite of Ladis, Alpine Verrucano and Paleozoic phyllites in its lowerer part.
The upper part is a melange-zone which includes the Fimber Zone and which is
composed of a matrix of upper Cretaceous to Paleogene metasediments (Hohere
Flyschschiefer) with olistoliths and/or tectonic slices of Alpine Verrucano, Quart-
zite of Ladis, Triassic carbonate rocks, Steinsberger Kalk, Neokomschiefer and
Tristel-Formation. The Fimber Zone consists mainly of upper Cretaceous to Paleo-
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gene metasediments and abundant tectonic slices and olistoliths. The stratigraphic
succession oft he Fimber Zone includes granitic and metamorphic basement rocks,
overlain by Triassic dolomites and limestones including the Upper Triassic Keuper
beds (sandstones, quartzites, limestones, shales, gypsum). Keuper beds are overlain
by Steinsberg limestone containing ammonites, brachiopods, bivalves, and micro-
fossils indicating Liassic age. Above follow Posidonia shales and Idalp sandstone,
overlain by limestone breccias and limestone of Malmian age, whcih are similar
to the Aptychus Limestones. The Lower Cretaceous includes calcareous schists
with intercalated microbreccias (Neocomian Flysch) and fine-grained limestone
breccias (Tristel beds), overlain by sandstones and breccias of Albian age and Cou-
ches Rouges of the Late Cretaceous. The youngest rocks are shales, sandstone and
breccias which are termed ,,Bunte Buindnerschiefer and dated as Late Cretaceous
to Eocene (BERTLE, 2002, BOUSQUET et al., Oberhauser). Locally small oli-
stoliths or tectonic slices of ophiolites are exposed in the Fimber Zone (GRUBER
et al., 2010). The Fimber Zone is interpreted to represent the continental margin
of the Brianconnias microcontinent or the marginal part of the Piemont-Ligurian
ocean (OBERHAUSER, 2007; BERTLE, 2002).

The Upper Penninic Nappes include the Biirkelkopf- and Flimspitz slices and re-
present rocks of the Jurassic-Cretaceous oceanic crust and upper mantle (ophiolites)
and overlying deep-sea sediments. These ophiolites (Idalp Ophiolith) are the best
preserved ophiolites of the Eastern Alps and are composed of ultrabasic rocks, me-
tagabbros, metamorphic pillow basalts and overlying deep-sea sediments (HOCK
& KOLLER, 1987, 1989; HOCK et al., 1986, 2004; KOLLER & HOCK, 1987,
1990; KOLLER et al., 1996). All rocks of the Lower Engadine Window were me-
tamorphically overprinted during the Alpine metamorphic event.

The Idalp ophiolite displays the uppermost unit of
the Lower Engadin Window. The ophiolite body it-
self is subdivided into two independent units called
Flimsspitze nappe (southern part) and Burkelkopf
nappe (northern part, DAURER, 1980). They are
separated by a tectonic slice, consisting of diaph-
toritic micaschists, gneisses, and amphibolites,
known as the “Flimjoch wedge”, which originated
from the neighouring Austroalpine Silvretta unit.
The reconstructed stratigraphic columnar section
of the Idalp ophiolite can be seen in Figure 1. The
ophiolite sequence starts with serpentinites, which
contain small inclusions of rodingites (former me-
tasomatized metagabbros). The serpentinites are
separated by a tectonic contact from the overlying
gabbros, which are intruded by diabase dikes. The
volcanic section has a tectonic contact at its base,
and starts with pillow lavas intercalated with se-
Figure 1: Interpretative litho- Veral layers of massive diabase, and with some
stratigraphy of the Idalp ophiolite hyaloclastites that increase in abundance towards

(after HOCK & KOLLER, 1987; the upper levels. At the stratigraphic top, tuffs with
HOCK et al., 2004).
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Figure 2: Geologic cross-section of the Silvretta Austroalpine and Idalp ophiolite units,
between Flimspitze and Birkelkopf, showing the two tectonic units of Flimspitze and
Biirkelkopf nappes (after HOCK & KOLLER, 1987; HOCK et al., 2004).

radiolarian schists are deposited. The whole volcanic pile (including the sediments)
has an approximate thickness of 250 to 300 meters.

The two tectonic subunits of the ophiolite complex consist of a serpentinite-gabbro
association with a maximum thickness of 150 meters at its base and on top a large
recumbent fold overturned towards the north, consisting of a small serpentinite +
metagabbro body in the core, surrounded by massive lava-flows and pillows. The
hyaloclastites, tuffs and radiolarites form the outermost part of the fold as shown
in Figure 2.

According to HOCK et al. (2004) and SCHUSTER et al. (2004) the metamorphic
evolution of the ophiolites is twofold; an older HT oceanic metamorphic event can
be separated from a younger HP imprint. Evidence for the former comes from the
replacement of gabbroic clinopyroxenes by amphiboles (pargasite, magnesianhorn-
blende to actinolite), which formed at relatively high temperatures. This, together
with some metasomatic changes of the bulk geochemistry (mainly Na enrichment),
and some local strong oxidation, argues for this hydrothermal event. The cores of
these amphiboles in the altered gabbros, still contain high CI contents of up to 4000
ppm. In the hyaloclastites and pillow breccias, the hydrothermal influx locally cau-
ses ~E-W striking epidote-rich veins, and high oxidation with an intense red color.

The Alpine metamorphic grade of the Idalp ophiolite sequence is at the
transition between greenschist and blueschist facies with P-T conditions of
~300°C and 0.7-0.9 GPa (KOLLER, 1985; HOCK et al., 2004). The mi-
neral assemblages are defined by pumpellyite + chlorite + albite + epido-
te + actinolite + muscovite + titanite + hematite. Pumpellyite of the me-
tagabbro is Mg-rich and pumpellyite compositions therefore plot into the
blueschist-facies field in the Al-Fe-Mg ternary diagram after BARRIGA &
FYFE (1983). Exact P-T conditions are hard to establish by using the mi-
neral assemblages described above. Investigations of the Bundnerschiefer
and associated metabasites of the Lower Engadin Window by BOUSQUET
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et al. (1998, 2002) reveal a clear HP-LT history with P-T estimates ranging
between 1.1-1.3 GPa for a temperature around 350-375°C based on the oc-
currence of carpholite. Indication of the LT-HP metamorphic assemblages
in the metabasites are rare. However, crossite and lawsonite occur in me-
tabasites (LEIMSER & PURTSCHELLER, 1980), and Mg-pumpellyite in
association with chlorite, albite, and phengite occurs in metapelites. The P-T
conditions calculated by BOUSQUET et al. (1998) for the upper units of the
Lower Engadin Window are ca. 0.6 GPa and 300°C. To provide additional
P-T data pseudosection calculations were undertaken in the system KNCFMTiASH
using the program THERIAK-DOMINO (DE CAPITANI & PETRAKAKIS,
2010) with an updated version of the internally consistent data set of HOLLAND
& POWELL (1998, data set tcdb55). The pseudosection using the metagabbro bulk
rock composition 148 from HOCK & KOLLER (1987) yielded a maximal stability
limit for assemblages containing pumpellyite without lawsonite and albite of 0.65
GPa at ca. 300°C, which correlates well with previous estimates (Fig. 3). If albite +
pumpellyite coexist the maximal pressure is 0.5 GPa at 300°C. These calculations
are only of semiquantitative nature since they also assume a rather complex mine-
ral assemblage contining omphacite (Omph) + muscovite (Ms) + paragonite (Pg)
+ pumpellyite (Pump) + epidote (Ep) + titanite (Sph) £ albite, which has not been
completely verified yet.

Figure 3: Pseudosection of metagabbro sample 1D48 from HOCK & KOLLER
(1987). The blue line marks the stability field of pumpellyite without lawsonite.
—Ab indicates that albite is unstable, +Ab: albite is stable.
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Figure 4: Map of Idalpe showing the excursion route and stops 1 — 5.

Aim of the excursion

The area around Idalpe south of Ischgl in the Samnaun Mountain Group (Tyrol)
offers an excellent opportunity to study rocks of the Lower Engadine Window,
particularly the remants of the oceanic crust and upper mantle (,,Idalpe Ophiolite*
of the Birkelkopf-Flimspitz Unit) and sedimentary rocks, particularly Steinsberger
Kalk (Lias) and Idalpsandsteinfolge (Dogger) of the Fimber Zone. The excursion
will focus on the metagabbro, pillowbasalt and overlying deep-sea-sediments (ra-
diolarite), exposed at \Velliljoch and along the trail to Flimjoch and Viderjoch, on
the Bundnerschiefer, exposed near ldjoch, the Steinsberger Kalk and Idalpsand-
stein, exposed at Lange Wand (Fig. 4).

Excursion route

The excursion route starts at Ischgl (1376 m), from where a cable car brings us to
Idalpe (2308 m). From Idalpe the excursion route follows the road and trail towards
the east to Velilljoch (2583 m) where Gabbro and deep-sea sediments (radiolarite)
are well exposed (Stop 1). From Velilljoch the route follows the trail to Flimjoch
(2757 m). Along the trail large blocks with well-preserved pillow basalts, derived
from Birkelkopf) are present (Stop 2). The route crosses a coarse-grained rock
glacier on which also blocks of pillow basalt are visible, derived from Flimspit-
ze (Stop 3). The route follows the trail to Viderjoch (2737 m) and Idjoch at the
Austrian-Swiss border. Bundnerschiefer are well-exposed along a ski trail west of
Idjoch (Stop 4). At Lange Wand (2698 m) the upper part of Steinsberger Kalk and
overlying Idalpsandstein are well exposed (Stop 5).
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Description of Stops
Stop 1 Metagabbro — Deep-sea sediments, Velilljoch

The gabbros occur greenish to grey in colour are coarse-grained and magmatic
clinopyroxenes are still visible on the surface (Fig. 5a). The former plagioclase do-
mains show white- to greenish colours while the clinopyroexen domains are darke
brown to bronze coloured. The radiolarites are fine grained, strongly foliated and
show mostly green and red colours (Fig. 5b). The pillow basalts occur yellow- to
greenish whereby the rims of the pilows appear bleached (Fig. 5¢). The inter-pillow
spaces are dark green (Fig. 5d).

The metagabbros contain abundant relict magmatic clinopyroxene (Cpx) crystals
in a very fine grained matrix consisting of albite (Ab) + muscovite (Ms) + epidote
(Epi) as shown in a photomicrograph in Figure 6a and in a BSE image in Figure
6b. The BSE image shows the fine grained matrix of Ab + Ms, which contains
abundant Epi-bearing veins (Fig. 6b, d). Magmatic clinopyroxene is replaced by
pumpellyite (Pump) + amphibole (Amph) + chlorite (Chl) + magnetite (Mt) as
shown in Figure 6c.

Figure 5: Field relations of a) metagabbro, b) radiolarite and c+d) pillow basalts.

Stops 2 and 3 Pillow-Basalt

The pillow basalts also contain relict magmatic clinopyroxene crystals in a very
fine grained matrix consisting of pumpellyite (Pump) + albite (Ab) + amphibole
(Amph) + titanite (Ttn) as shown in Figures 7a, b. The fine grained matrix can
only be discerned using BSE images, which reveal the assemblage Pump + Ab +
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Figure 6: Photomicrographs and Backscatter electron (BSE) images showing the petrography of
the metagabbros. a) photomicrograph of relict magmatic clinopyroxene (Cpx) crystals in a very fine
grained matrix consisting of albite (Ab) + muscovite (Ms) + epidote (Epi). b) BSE image showing
relict Cpx in the fine grained matrix of Ab + Ms, which contains abundant Epi-bearing veins. c) BSE
image of the replacement of magmatic Cpx by pumpellyite (Pump) + amphibole (Amph) + chlorite
(Chl) + magnetite (Mt). D) BSE close-up image of the matrix consisting of Ab + Ms + Epi-veins.

Amph + Ttn (Fig. 7b, ¢). ¢) BSE close-up image image of the fine grained matrix
of Pump + Ab + Amph + Ttn. Calcite (Cc) + Ab + Epi-bearing veins often crosscut
the matrix (Fig. 7d).

Stop 4 Bundnerschiefer (Flysch sediments), near Idjoch

Along the ski run west of Idjoch flysch sediments are well exposed, composed
of alternating marly sediments, phyllitic rocks and sandstones which display gra-
ded bedding. The rocks are intensively folded (Fig. 8). Sandstones contain planc-
tic foraminifers (including Globigerina ex gr. cretacea) indicating Cretaceous age
(BERTLE, 2002). According to BERTLE (2002) the heavy mineral assemblage
which is composed of apatite, tourmaline, rutile, zircon, chromspinel and brookit,
is similar to that of the Palombini-Formation of the Arosa Zone and indicates that
the sediments are derived from ophiolites of the south Penninic Zone (Piemont-
Ligurian ocean).
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Figure 7: Photomicrographs and Backscatter electron (BSE) images showing the petrography of
the pillow basalts. a) photomicrograph of relict magmatic clinopyroxene (Cpx) crystals in a very
fine grained matrix consisting of pumpellyite (Pump) + albite (Ab) + amphibole (Amph) + titanite
(Ttn). b) BSE image showing the fine grained matrix of Pump + Ab + Amph + Ttn. ¢) BSE close-up
image image of the fine grained matrix of Pump + Ab + Amph + Ttn. Pump frequently contains Ttn
inclusions. d) BSE image of the matrix crosscut by calcite (Cc) + Ab + Epi-bearing veins.

Figure 8: Fol-
ded  Bundner-
schiefer  (flysch
sediments) near
Idjoch composed
of phyllitic rocks
and intercalated
brownish sand-
stone beds.
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Stop 5 Steinsberger Kalk and Idalpsandstein at Lange Wand

Steinsberger Kalk: The term ,,Steinsberger Kalk* was already used in the literature
in 1866 and described as a reddish limestone containing ammonoids and brachio-
pods, compared with the Adnet and Hierlatz limestone (THEOBALD, 1866). The
name is derived from Steinsberg near Ardez in the Lower Engadine (type locality)
where the Seinsberg Limestone (Steinsberger Kalk, Steinsberger Lias) overlies Tri-
assic dolomites and is described as light-gray, partly reddish, locally cherty, coare-
se-grained limestone (,,Spatkalk*) containing belemnites, terebratulid brachiopods,
Arcestes cf. bucklandi and Gryphaea cf. obliqgua (CADISCH, 1932). The Steins-
berger Lias at the type locality also contains polymict breccias (CADISCH, 1932).
According to CADISCH (1932) these rocks are part of the Falknis-Sulzfluh Nappe
(Lower Austroalpine). The Steinsberger Kalk has never been studied sedimentolo-
gically, a type secction so far was not described and defined. In the Fimber Valley
south of Ischgl (Fimber Zone) the Steinsberger Kalk according to OBERHAUSER
(1980) is approximately 80 m thick and composed of

- Dark gray, brownisch weathered limestone which is overprinted by low-grade
metamorphism (calcareous marble) and contains belemnites and ammonoids,

- Overlain by whitish, limestone (marble) containing abundant echinoderm
fragments.

Locally, the Steinsberger Kalk is overlain by dark, metamorphically overprinted
schists containing harpoceratids and bivalves (,,Posidonienschiefer; OBERHAU-
SER, 1980). From a well-exposed section through the Steinsberger Kalk at Mal-
fragkopf THUM (1970) described fossils indicating a lower Jurassic (Liassic) age.

The Steinsberger Kalk forms the prominent cliff of the Lange Wand. The upper
part of the Steinsberger Kalk is composed of light-gray, indistinctly bedded, coarse
limestone containing abundant crinoidal debris. At Lange Wand the Steinsberger
Kalk in its upper part is mostly recrystallized due to metamorphic overprinting,
but locally the sedimentary character is well preserved. In the upper part of the
succession at Lange Wand one limestone type is crinoidal packstone to rudstone

Figure 9: Thin section pho-
tograph of Steinsberger
Kalk at the Lange Wand.
The limestone is a crinoi-
dal packstone to rudstone
composed of abundant
crinoid fragments and sub-
ordinately of brachiopod
shells, bivalves and bryo-
zoans. Plane light, width
of photograph is 6.3 mm.
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composed of abundant crinoid fragments, subordinately of shells including bival-
ves and punctate brachiopods, ostracods, bryozoans and foraminifers (Fig. 9). The
limestone also contains micritic intraclasts and few small quartz grains. The depo-
sitional environment of the Steinsberger Kalk is not well established. WAIBEL &
FRISCH (1989) interpret the Liassic sediments as neritic deposits, whereas depo-
sits from the Middle Liassic on are interpreted as turbidites with associated debris
flows, contourites and pelagic limestones which formed in environments ranging
from a mid-fanto an abyssal plain (WAIBEL & FRISCH, 1989).

Idalpsandstein: For the sandstone-dominated succession, which is dated as middle
Jurassic (Dogger) by ammonites and belemnites, OBERHAUSER (1980) introdu-
ced the term Idalpsandstein. The Idalpsandstein overlies the Steinsberger Kalk and
Posidonienschiefer, is approximately 40 m thick and interpreted as flysch deposits
(OBERHAUSER, 1980). From a locality WNW of Hollenspitz OBERHAUSER
(1984) described the Idalpsandstein as a succession composed of mudstone-siltsto-
ne with intercalated massive sandstone and sandstone beds displaying graded bed-
ding and load casts which is at least 150 m thick. Fine grained sediments contain
trace fossils (Zoophycos, Chondrites) and rarely Belemnites. At the Lange Wand
the Idalpsandstein is a few tens of m thick and composed of mudstone-siltstone
with intercalated fine- to coarse-grained sandstone beds.

Idalpsandstein under the microscope is moderately to porly sorted, the detrital
grains are angular to subangular (Fig. 10). The sandstone is composed of mono-
and polycrystalline quartz, detrital feldspar grains (plagioclase and potassium feld-
spars) which are commonly altered to various degrees (partly forming pseudoma-
trix). Subordinate are granitic rock fragments of quartz and feldspar, metamorphic
rock fragments composed of mica (muscovite, chlorite, biotite) and quartz, and de-
trital mica (mostly muscovite). Accessory grains are zircon, tourmaline, apatite and
opaque minerals. Rarely fossil fragments (echinoderms) are present. The sandstone
contains high amounts of matrix which partly was formed diagenetically (,,pseu-
domatrix*) by the alteration of detrital feldspar grains to phyllosilicates. Locally
coarse-grained calcite cement occurs which randomly replaces detrtial feldspar and
guartz grains. Few sandstones are cemented by coarse bocky clacite.

Figure 10: Coarse-grained sandstone
composed of mono- and polycrystalline
quartz, detrtial feldspar grains, detrital
mica mostly muscovite), rock fragments
composed of large feldspars and quartz
(granitic) and few metamorphic rock
fragments. The sandstone contains
coarse, blocky carbonate cement.
Polarized light, width of photograph is
3.2 mm. Idalpsandstein at Lange Wand.
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